OBJECTIVE: Physical activity is hypothesized to reduce the risk of obesity and several other chronic diseases and enhance longevity. However, most of the questionnaires used measure only part of total physical activity, occupational andaor leisuretime activity, which might lead to misclassi®cation of total physical activity level and to dilution of risk estimates. We evaluated the validity and reproducibility of a short self-administered physical activity questionnaire, intended to measure long-term total daily 24 h physical activity. METHOD: The questionnaire included questions on level of physical activity at work, hours per day of walkingabicycling, homeahousehold work, leisure-time activityainactivity and sleeping and was sent twice during one year (winteraspring and late summer). Two 7-day activity records, performed 6 months apart, were used as the reference method. One-hundred and eleven men, aged 44 ± 78, completed the questionnaire and one or two activity records. The physical activity levels were measured as metabolic equivalents (MET)Âhaday. RESULTS: Spearman correlation coef®cient between total daily activity score estimated from the ®rst questionnaire and the records (validity) was 0.56 (deattenuated) and between the ®rst and the second questionnaire (reproducibility) 0.65. Signi®cantly higher validity correlations were observed in men with self-reported body mass index below 26 kgam 2 than in heavier men (r 0.73 vs r 0.39). CONCLUSIONS: This study indicates that the average total daily physical activity scores can be estimated satisfactorily in men using this simple self-administered questionnaire.
Introduction
Regular physical activity among adults has been associated with decreased risk of obesity, 1 coronary heart disease, 2, 3 non-insulin-dependent diabetes mellitus, 4 osteoporosis, 5 and certain types of cancer, especially colon cancer. 6, 7 Studies also show an inverse association between physical activity and all-cause mortality. 8, 9 Questionnaires used for estimating physical activity in large-scale epidemiological studies differ in focus, time period and data-collecting method (self-administered or interview). 10, 11 Most of the questionnaires measure only a fraction of the physical activity, eg physical activity at work, sporting-frequency or leisure-time activities, while in fact the total physical activity might be of importance, especially for obesity.
We evaluated the validity and reproducibility of a short self-administered physical activity questionnaire, intended to measure mean long-term (1 y period) total daily physical activity in a group of middle-aged and older men.
Methods
To assess reproducibility of the questionnaire, it was mailed to participants twice in 1998 (January and August). To determine the validity of the questions we used two 7-day activity records as the reference method, mailed one week after they returned a completed questionnaire. The ®rst week of activity records were recorded during January to May and the second activity records during August to December.
Subjects
To the present validation study we invited 286 men (aged 44 ± 78 y) from central Sweden, who had been randomly selected to participate in a validation study of a self-administered food frequency questionnaire in 1994 ± 1996. Among the invited men, 224 ®lled in the ®rst questionnaire and 222 the second questionnaire. In the validation analyses we included 111 men who completely ®lled in the ®rst questionnaire (no internal missing data) and recorded their physical activity for at least seven days (2Â7-day record).
Physical activity questionnaire
Information on usual average physical activityainactivity during the previous year was collected using ®ve questions with prede®ned response categories and one open question (Appendix 1). The questionnaire also inquired about weight and height. We computed body mass index (BMI weight (kg)aheight 2 (m)) as a measure of relative weight.
The intensity of activities, de®ned in multiples of the metabolic equivalent (MET, kcalakgÂh) of sitting quietly for 1 h, was based on a compendium of physical activities. 12 For the questionnaire, we used mean MET values based on speci®c activities within corresponding categories (Appendix 1). Physical activity levels (METÂh) for speci®c activities were estimated by multiplying reported time (h) by MET (kcalakgÂh).
Based on the questionnaire data, we estimated both the crude total physical activity and a total activity score. The ®rst, crude total activity level, was based directly on the selfreported data, by adding the speci®c activities together. For the second, total activity score, we corrected the self-reported time to 24 h per day, by adding the missing hours or subtracting overreported hours. This`correction time' was multiplied by the intensity factor of 2.0 MET, corresponding to the mean of self-careawalking at home (2.5 MET) and sitting (eating, transportation etc, 1.5 MET). This correction was based on the assumption that underestimation of time might be due to these common activities not asked for in the questionnaire. Four men reported more than 24 h of daily activities, ranging from 24.1 to 26.4 h, and this time was multiplied by 2.0 MET and subtracted from the total. We refer to the activity category during the correction time as other'.
Physical activity records
The self-administered structured 7-day physical activity diary contained two pages for each day of the week, as well as instructions and an example of a completed day of record. Participants recorded the clock time they started and the time they ®nished the activity and described all their activities (eg sitting, eating, walking to work, sleeping) during 24 h per day. A subjective estimate of the intensity was recorded by participants for activities such as walking, bicycling, sports etc, by using 1 to 4`Â'-signs. Study subjects also recorded the number of stair¯ights climbed every day.
All activities recorded were assigned speci®c MET values taking into account the intensity level when appropriate. 12 Every¯ight of stairs climbed was assigned 10 s and 5.0 MET. Then, to make comparison with the questionnaire possible, all the recorded activities were classi®ed into one of the six activity groups inquired in the questionnaire. Activities such as gardening, home repair and ®shingahunting in the records were classi®ed into the`workaoccupation' category. Recorded activities that did not ®t into any of the categories asked for in the questionnaire were self-care, walking at home and sitting eating, driving etc. This category was classi®ed as`other'. The estimates of the average total daily physical activity and the seven activity groups were computed by summarizing all speci®c activities.
Statistical analysis
Mean and standard deviations (s.d.) were computed to describe the distribution of the variables of interest (age and BMI) for the validation group of 111 men. Medians and interquartile ranges were computed for physical activity because some variables were not normally distributed.
To compare levels of activity between questionnaires and records, paired statistical tests were used. To test reproducibility of the questionnaire, we compared the ®rst and the second questionnaire using two ways of calculating physical activity (crude and total activity score), as well as for speci®c types of physical activity. To test validity, the questionnaire was compared with the records. We present results from the ®rst questionnaire only, because results for the second questionnaire might be in¯uenced by the process of recording physical activity in the activity records. We used Pearson and Spearman correlation and results for these two tests were similar. However, we decided to show Spearman correlation, since some variables were not normally distributed. To study the agreement between the two assessments we used concordance correlation. 13 This test measures the variation from the 45 line through the origin, since Spearman correlation fails to detect any departure from the 45 line and only estimates the association. To adjust for within-and betweenperson variability in the activity records, we deattenuated the Spearman correlations using the methods of Beaton 14 and Liu. 15 To estimate the within-person and betweenperson variance, we used a one-way random effects ANOVA model based on data from men who had completed all 14 days of activity recording. We evaluated reproducibility and validity of the questionnaire in subgroups of age (`65 and ! 65 y) and BMI ( 26.0 and b 26.0 kgam 2 ). Correlation coef®cients between subgroups were compared by normal tests after Z transformation at 5% signi®cance level.
Results
The mean age and standard deviation of the study participants was 63.2 (9.3) y and the mean BMI was 25.8 (3.2) kgam 2 . Table 1 shows medians and interquartile ranges of total daily activity for the validation group.
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Total physical activity Table 1 shows medians, interquartile ranges and correlations for total daily activity based on the questionnaire and records in the validation group. The self-reported daily activity hours in the questionnaire ranged between 11.9 and 26.4 (median 18.3) for crude total activity level. All subjects recorded 24.0 h of activities per day in the records. Median total activity levels were 38.3 METÂh for the ®rst 7 day record, and 39.4 METÂh for the second record.
Validity of the total activity score, measured as correlation with the records, was higher compared to the crude total activity level, ie the total activity score better ranked subjects. However, this questionnaire-based total activity score overestimated total activity level per day by 5% based on the records (P`0.01). Crude scores were underestimated by 22% (P`0.01). Validation results for the total activity score based on the second questionnaire were similar (data not shown).
Speci®c activities
Medians, interquartile ranges and correlations for speci®c activities are shown in Table 2 . Spearman correlations for validity ranged between 0.21 (other) and 0.58 (homeahousehold work) and for reproducibility between 0.64 (homea household work) and 0.76 (sleeping). Spearman correlations for exercise and walkingabicycling separately were 0.17 and 0.27 for validity and 0.59 and 0.47 for reproducibility, respectively. In the validation group, 17% reported less than 1 h of exercise per week in the ®rst questionnaire (winteraspring) and 33% in the second (late summerafall), but 57% did not record any exercise in the diaries (both seasons).
Subgroups of age and BMI
We assessed validity and reproducibility of the questionnaire in age and BMI subgroups ( Table 3 ). The older age group (65 ± 78 y) signi®cantly overestimated their median absolute physical activity in the questionnaire, compared to records (P`0.01). Correlations for validity and reproducibility were higher (P b 0.05) in the younger age group (44 ± 64 y). Since we have both younger working and unemployed men and older retired men in our study, the occupation question inquired for information on daily activities either at work or outside of a job. There was no difference in Spearman correlations for question on`workaoccupation' between younger men (r 0.49) and olderaretired men (r 0.43, P b 0.05). There was no difference in BMI between the two age groups (P 0.60). 
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In both BMI groups, the absolute physical activity was signi®cantly overestimated (P`0.01) in comparison to the records. Correlations for validity, but not for reproducibility, were signi®cantly higher (P`0.05) in the lower ( 26.0 kgam 2 ) than in the higher BMI-group ( b 26.0 kgam 2 ). The record-based physical activity was signi®cantly lower in men with BMI above 26.0 kgam 2 (P 0.05). There was no statistically signi®cant difference in age between the two BMI groups (P 0.59).
Discussion
Our physical activity questionnaire measures average longterm total daily activity satisfactorily. Deattenuated Spearman correlation between the questionnaire and the activity records, re¯ecting validity of the questionnaire, was 0.56 for total physical activity score measured as METÂh per day. The correlation between the ®rst and the second questionnaire, measuring reproducibility over different seasons, was 0.65. Concordance correlations, which also measure agreement between the two methods, were very similar to Spearman correlations. Signi®cantly higher correlations for validity were observed in the lower BMI group ( 26.0 kgam 2 ) compared to the higher BMI group.
A strength of our validation study is that it is populationbased; many previously reported validity studies used volunteers, which might lead to questionable generalizability.
The record is not a perfect`gold standard' for assessing daily activity. The method depends on the accuracy with which subjects register their activities. Errors might arise if some activities are not recorded. The answers in the questionnaire might be associated with errors caused by, eg, dif®culties in remembering an activity and the frequencyaduration of it. The errors in records and questionnaires are assumed not to be correlated, which was a reason for choosing the records as the reference method. Moreover, the record makes it possible to identify speci®c categories of activity, while more accurate methods, such as doubly labelled water, would, apart from being much more costly and leading to extreme selection of the study participants due to burden, only yield total energy expenditure. 11 However, a combination of activity records and some more objective measurement approach (such as a heart rate monitor or an accelerometer) would have provided stronger validation of the methodology.
The activity diaries were recorded during two different seasons (winteraspring and summerafall), and the two 7-day diaries covered variability in the study population well. Negligible changes in correlations when we adjusted for within-and between-person variability in the records (deattenuated correlation), indicate that the number of days in the records was satisfactory for estimating long-term mean daily activity. Levin and coworkers show that nine repeated 48 h activity records over the course of 1 y are needed to achieve 80% reliability in estimation of mean annual physical activity in their study population of male and female volunteers in the US. 16 To measure total daily activity, it is important to estimate activities for 24 h per day to be able to compare activity levels between subjects. Although we have intended to measure total physical activity, our results revealed that the questionnaire has not actually measured all domains of physical activity. Instead we underestimated the total activity by about 20%, mainly due to common activities not asked for in the questionnaire, like self-careawalking at home, sitting, eating etc. Our assumption that missing activity time (`other') was due to common activities was con®rmed in the records. Correcting the time reported in the questionnaire to 24 h increased the strength of the linear relationship with the records considerably. However, this correction might lead to underestimation in men who have a higher mean intensity level than the assumed 2.0 MET during the Validity of a physical activity questionnaire A Norman et al time not reported and an overestimation in men with lower intensity level than 2.0 MET and this may lead to a lower validity. Further, this might lead to an arti®cially narrower range of total activity level leading to lower validity correlation, or wider range leading to an arti®cially higher validity correlation. 17 The higher validation and reproducibility correlations observed for younger men and for the lower BMI group were not explained by differences in range of exposure in the compared subgroups, since this was similar. 17 To our knowledge, none of previous studies evaluated total physical activity in METÂhaday with a questionnaire, as in our study. Only two previous studies aimed at measuring total energy expenditure in kilocaloriesakilojoules per day with a questionnaire (aiming at 24 haday) and used records as the reference method. 18, 19 In one of these studies, Spearman correlation for total energy expenditure was 0.66 when comparing a 28-item questionnaire, measuring longterm physical activity (previous year) with 4Â3-day activity records in 64 men; reproducibility 0.76. 18 In the other study, not directly comparable to our study due to the short-term period covered by the questionnaire, Spearman correlation for total energy expenditure was 0.91 when comparing a 3 month recall questionnaire with a 7-day activity diary, both based on the same four activity categories. 19 Most of the existing activity questionnaires measure only some types of activities. 20 ± 22 The physical activity questionnaire used among male health professionals in the US measures leisure-time inactivity, vigorous and nonvigorous activity and work inactivity, in MET per week, and was compared with up to four 1-week diaries. 20 Correlations are 0.24, 0.51, 0.25 and 0.35 respectively for validity, and 0.39, 0.52, 0.42 and 0.50 for reproducibility of the questionnaire. Our questions on active and inactive leisure-time seem to have slightly higher validity and reproducibility. Low correlation and overestimation of exercise observed in our study is surprising, since subjects are likely to have the greatest control over this activity. However, this overestimation might be due to so-called social desirability response bias, since bene®ts of exercise are well known in the population. A similar phenomenon is observed for healthy foods, like fruit and vegetables, which are usually overreported. 23 Reproducibility correlation for sleep in our questionnaire is similar to that estimated from a more detailed instrument, Seven-Day recall', r 0.76 22 and r 0.74; 24 validity not being estimated in these studies. In general, our results for validity and reproducibility are comparable with validity and reproducibility coef®cients for this more detailed method of estimating total physical activity based on this 7-day recall of all activities including sleep. 25 Validity correlation of this method when compared to a 7-day activity diary, was 0.71. 26 Reproducibility coef®cients for this method varied from 0.42 (9 weeks retest) 26 to 0.99 (2 weeks retest). 27 This way of estimating total physical activity is, however, more expensive and may be appropriate only in smaller surveys, but not in large cohorts with thousands of participants.
Beyond those above mentioned studies, which are to some degree comparable with our investigation, there are several other validation studies of physical activity assessment methods not comparable with ours due to differences in type of physical activity assessed and in choice of reference method. Eight widely used physical activity questionnaires measuring leisure-time andaor occupational activity were validated against energy intake, and correlations range between 0.13 and 0.49. 21 In a study by Jacobs and coworkers, 10 commonly used physical activity questionnaires measuring leisure-time andaor occupational activity, were validated against ®ve different reference methods and results show that the correlations differ considerably depending on which reference method was used. 22 Four-week activity history is best correlated with questionnaires and coef®cients range between À0.16 and 0.74. Correlations for reproducibility range between 0.12 and 0.93. 22 In conclusion, our results indicate that the average total physical activity score re¯ecting a long-term period can be estimated satisfactorily using our simple self-administered questionnaire. This instrument is well suited for estimating total physical activity score in large epidemiological studies of middle-aged and older men. Because the validity of the questionnaire differs by relative weight of the subjects, BMI should be taken into account in analysis. Our results for thè other' activities not covered by the questionnaire indicate that there is room for further improvement of the questionnaire by assessing a greater number of the possible domaines of physical activity.
